The use of an ion trap permits the selection and storage of specific ions under collision free conditions. Alternatively, collisions may. be allowed under controlled conditions and the effects of such collisions upon the stored ions studied. In this fashion we have recently measured a strong dependence of the charge transfer cross section for the reaction.
In the present study the internal energy distribution of + + CH (CD ) produced through electron impact ionization of CH 4 (cD 4 ) + is measured. While the initial dissociating state of CH 4 is not selected in this study, it will be argued that production are found to be identical, corresponding to a rotational temperature of -1S00°K. In contrast, the observed vibrational distribution is found to be non Boltzmann.
'-

EXPERIMENT
The experimental arrangement used in the present study has been described in detail elsewhere. 3 -7 Briefly, the approach involves the use of a three dimensional rf quadrupole ion trap within which ions of a specific charge to mass ratio can be stored. Ion densities of from 10 The data are stored on floppy disk for later retrieval and analysis.
RESULTS
A. Spectroscopic Results
Laser induced fluorescence spectra were obtained for the + (0,0) and (2,1) bands of CH and for the (0,0), (2,1), and t e re at1.on l:.r = -(B'+B") 2
The band head of the (1, 2) band as determined in this study occurs at 21014.1 cm-1 . observed bands of either CD or CH . This is due largely to the low signal level and subsequent poor signal to noise ratio of the (1, 2) band.
+
The vibrational frequency we measure for the X l: state of CD+ is 2092 cm-l and the corresponding frequency of CH+, calculated using isotope relations, is 2850 cm-1 . Since there have been no published experimental observations of CH+ or CD+ in v 1 ' ~· 2 the frequencies reported here may only be compared with calculated frequencies. 12 The calculations of Green 13.9344 (20) D"
. 00141 (5) H" 6 .77(10) X 10-8 B" e 7.763 (7) et" e 0.18 (2) R" e 1.116 (3) we 2092 wexe 28.5 * See footnote, Table II . While we have not observed this band it is possible to predict its molecular constants using isotope relations. Values arrived at in this fashion are listed in Table II .
In addition to the A 1 II -x 1 r+ system, the 3 r--3 II system might also extend into the spectral region investigated here where K b is a constant for a given vibronic band, assuming a s constant R-centroid, and s 3 is the appropriate Honl-London (2) line strength coefficient for each rovibronic component. Since 
C. Discussion
In order to understand the fragmentation processes which + lead to the production of CH it is useful to examine the photoelectron data available on methane. Numerous studies have been performed which have provided molecular orbital energies for CH 4 + 19 , 20 as well as mass spectrometric branching ratios of ' 21-24 parent and fragment ions.
The photoelectron bands observed experimentally are indicated in Fig. 7a , along with their assignments. The ion is initially formed in the (la 1 ) (2a 1 ) (lf 2 ) 5 configuration with an appearance potential of -12.7 eV.
The large width of this band is due to the combination of a large change in equilibrium geometry and the Jahn-Teller· induced distortion of the ion. 25 At approximately 10 eV higher energy 2 1 a second band, corresponding to the configuration (la 1 ) (2a 1 ) (lf 2 ) 6 , is seen with an onset at 22.3 eV. In the rema1n1ng -1 discussion these states will be referred to as (lf 2 ) and -1 .
(2a 1 ) respectively (as in Fig. 7) . The equilibrium geometries 26 of these two states, as calculated by Meyer, show both to be consistent with this interpretation. The rate of CH product1on increases gradually in this region and levels off around 40 eV.
The distribution of energy among the fragmentation products + in general, and CH in particular, will depend upon the details + of the dissociating state of CH 4 . While this study has not selected particular dissociating states by using controlled ionization energy, etc., we may infer from the photoelectron spectra and the fragment branching ratios that a major fraction
of CH is produced following excitation of the CH 4 (2a 1 ) level.
The doubly excited state at 30 eV might also be considered as a source of CH+, however, this is not likely since the branching ratio of CH+ shows no significant change at this energy.
+
The thermodynamic threshold for the production of CH through the reaction
This value is a full 3 eV below the observed appearance potential for CH+, offering the possibility for considerable internal excitation of the products, consistent with the observations made in the present study. At approximately 4. 5 eV above the threshold for the process indicated in eq 4, a new process, CH 4 + e + CH+ + 3H + Ze (5) becomes energetically allowed. Since a significant amount of + CH is produced following ionization of methane by electrons with energies of Z3~8 eV or greater, it would seem that both processes 4 and 5 can contribute to its formation. The large ·+ amount of rotational excitation in the CH fragment, however, requires that the loss of 3H in eq. 5 occur non-symmetrically.
On the basis of simple kinetic arguments ·the first step in the dissociation process leading to the production of CH+ is probably hydrogen atom elimination. The loss of Hz as a first step should be much less likely since this process may be considered a three center elimination as opposed to the two center hydrogen atom elimination.
In any unimolecular dissociation resulting in two products (CH+ and Hz in this case) the maximum kinetic energy of the two fragments may be calculated from simple classical mechanics.
Any internal excitation (vibrational or electrqnic) will result in a reduced kinetic energy however, the exact partitioning of Z4 internal excitation will depend upon.the details of the potential energy surfaces involved. If one assumes that the dissociation exothermicity of CH+ production from CH 4 is essentially the same as that of CD+ production from CD 4 then the similarity in the rotational temperatures of CH+ and CD+ is easily understood. A simple analysis shows that the maximum kinetic energy of the CH+ + + + and CD produced from CH 3 and CD 3 respectively are nearly the The efficiency of energy absorption is reflected in the intensity profiles seen in the photoelectron spectra ( Fig. 19a ). When 
